PCT

WORLD INTELLEC'I‘UAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(21) International Application Number:

(22) International Filing Date: 16 December 1996 (16.12.96)

(30) Priority Data:

60/008,987 us

21 December 1995 (21.12.95)

(71) Applicant (for all designated States except US): ELI LILLY
AND COMPANY [US/US]; Lilly Corporate Center, Indi-
anapolis, IN 46285 (US).

(72) Inventor; and
(75) Inventor/Applicant (for US only): TRAN, Pierre, V. [US/US);
11750 Forest Park Lane, Carmel, IN 46033 (US).

(74) Agents: VORNDRAN-JONES, MaCharri et al; Eli Lilly and
Company,-Lilly Corporate Center, Indnmapohs. IN 46285

(US).

(51) International Patent Classification 6 : (11) International Publication Number: WO 9723221
AG1K 31/55, CO7D 495/04 Al

(43) International Publication Date: 3 July 1997 (03.07.97)

PCT/US96/20048 | (81) Designated States: AL, AM, AU, AZ, BA, BB, BG, BR, BY,

CA, CN, CU, CZ, EE, GE, HU, IL, IS, JP, KE, KG, KP,
KR, KZ, LC, LK, LR, LS, LT, LV, MD, MG, MK, MN,
MW, MX, NO, NZ, PL, RO, RU, SD SG, SI, SK, TJ, T™™,
TR, TT, UA, UG, US, UZ, VN, ARIPO patent (KE, LS,
MW, SD, SZ, UG), Eurasian patent (AM, AZ, BY, KG,
KZ, MD, RU, TJ, TM), OAPI patent (BF, BJ, CF, CG, Cl,
CM, GA, GN, ML, MR, NE, SN, TD, TG).

Published
With international search report.

(54) Title: METHOD FOR TREATING DERMATITIS

(57) Abstract

The invention provndcs 2 method for treating fungal dermatitis comprising administering an effective amount of 2-Methyl-4-(4methyl-
1-piperazinyl)- 10H-thieno[2,3-b}[ 1,5]benzodiazepine to a patient in need thereof.




OREBRERENG2C20Z8902REERE

FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing intemnational
applications under the PCT.

Armenia
Austria
Australia
Barbados
Belgium
Burkina Faso
Bulgaria
Benin

Cansda

Central African Republic
Congo
Switzerland
Cote d'lvoire
Cameroon
China
Czechoslovakia
Crech Republic
Germany
Denmark
Estonia

Spain

Finland

France

Gabon

United Kingdom
Georgia

Guinea

Greece

Huogary

Ireland

taly

Japan

Kenyz
Kyrgystan

Democratic People’s Republi

of Korea

Republic of Karea
Kazakhstan
Liechtenstein

Sti Lanka

Liberia

Lithuania
Luxembourg
Latvis

Monaco

Republic of Moldova
Madagascar

Mali

Mongolia
Muauritania

Malawi

Mexico

Niger

Netheriands
Norway

New Zesaland
Poland

Portugal

Romania

Russian Federation
Sudan

Sweden

Singapare
Slovenia

Slovakia

Sencgal

Swaziland

Chad

Togo

Tajikistan
Trinidad and Tobago
Uknine

Uganda

United States of America
Uzbekistan

Viet Nam




10

1S

20

25

30

35

WO 97/23221 PCT/US96/20048

METHOD FOR TREATING DERMATITIS

This invention relates to a method for treating
fungal dermatitis using 2-methyl-4-(4-methyl-l-piperazinyl) -
10H-thieno[2,3-bl)(1,5]benzodiazepine.

Fungal dermatitis is a troublesome condition which
may produce mild inflammation; wherein the organism producing
the dermatitis may persist indefinitely, causing intermittent
remissions and exacerbations of a gradually extending lesion
with a scaling, slightly raised border. Often the condition
results in a sudden visicular and bullous disease of the feet
or an inflamed boggy lesion of the scalp.

It is known that fungal dermatitis may be caused by
a variety of organisms. Most preferably, 2-Methyl-4-(4-
methyl-1l-piperazinyl)-10H-thieno(2,3-bl[1,5]benzodiazepine is
used for the treatment of a condition selected from the group
consisting of Tinea corporis, Tinea pedis, Tinea unguium,
Tinea capitis, Tinea cruris, and Tinea barbae. It is
preferred that the condition is selected from Tinea corporis
and Tinea pedis. Most such infections respond to topical
antifungal preparations such as the imidazoles. Certain
cases may be resistant to such treatment and require systemic
treatment using agents such as Griseofulvin; however, this
agent is frequently associated with headaches,
gastrointestinal distress, photosensitivity, rashes, or
leukopenia. Angioedema has been reported, vertigo, and
sometimes transient hearing reduction. Ketoconazole is an
oral imidazole derivative which may be used for systemic
treatment; however, this compound is associated with liver
toxicity and other serious side effects. Therefore, effective
agents having a favorable side effect profile are desired.
surprisingly, Applicant has discovered that 2-methyl-4-(4-
methyl-l-piperazinyl)-10H-thieno(2,3-b][1,5]benzodiazepine
can be useful for treating fungal dermatitis.
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The 2-methyl-4-(4-methyl-l-piperazinyl)-10H-
thieno(2,3-b][1,5]benzodiazepine compound is described in
U.S. Patent No. 5,229,382 ('382), herein incorporated by
reference in its entirety.

5 Fungal dermatitis can be particular troublesome to
treat in non-compliant patients such as those suffering from
psychotic conditions. The 2-methyl-4- (4-methyl-1-
piperazinyl)-10H-thieno({2,3-b][1, 5]benzodiazepine compound
can be particularly useful for treating fungal dermatitis in

10 psychotic patients as the 2-methyl-4-(4-methyl-1-
piperazinyl)—lOH-thieno[2,3-b][1,5]benzodiazepine compound
can be administered as part of the patients' usual treatment
regimen.

The presently claimed invention provides a method

15 for treating fungal dermatitis comprising administering an
effective amount of a 2-methyl-4-(4-methyl-1-piperazinyl) -
10H-thieno(2,3-b] [1,5]benzodiazepine compound to a patient in
need thereof.

20 2-Methyl-4- (4-methyl-1-piperazinyl)-10H-thieno{2,3-
bl[1,S)benzodiazepine, is a compound of Formula(I):

CH,

N

(I)

[ \

S

CHj

nZ

25 and is described in the '382 patent. The ‘382 patent teaches
that 2-methyl—4-(4-methyl-l-piperazinyl)—10H—thieno(2,3-
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bl (1,5)benzodiazepine can be useful for the treatment of
psychotic conditions and mild anxiety states.

For example, 2-methyl-4-{(4-methyl-l-piperazinyl)-
10H-thieno[2,3-b] [1.5]benzodiazepine has been assessed in a
number of standard behavior tests predictive of antipsychotic
activity. The claimed compound antagonized apomorphine-
induced climbing behavior and hypothermia in mice. See
Moore, N.A. et al Psychopharmacology 94 (2), 263-266 (1988).
The compound also inhibits conditioned avoidance response in
rats, and has been found to have a favorable profile of
activity in a number of in vitro binding assays, designed to
measure the degree of binding to neural receptors. For
example, the compound is active at the dopamine D-1 and D-2
receptors as indicated by an IC50 of less than 1 uM in the
3H-SCH233390 (Billard, et al. Life Sciences 35:1885 (1984))
and the 3H spiperone (Seeman et al Nature 216:717 (1976))
binding assays respectively.

Further, 2-methyl-4-(4-methyl-l-piperazinyl}-10H-
thieno([2,3-b]l [1,5]benzodiazepine is active at the 5-HT-2
receptor and S-HT1C receptor. The in vitro results would
indicate that the compound is effective in the treatment of
psychotic conditions but less likely to induce extra
pyramidal side-effects.

To Applicant's knowledge none of these mechanisms
of action are thought to be associated with the treatment,
prevention, or amelioration of fungal dermatitis.

Surprisingly, and in accordance with the present
invention, Applicant has discovered that 2-methyl-4-(4-
methyl-l-piperazinyl)-10H-thieno(2,3-b)[1,5)benzodiazepine
can be useful for treating or preventing fungal dermatitis.

As used herein the term “psychotic condition®
shall refer to pathologic psychological conditions which
are psychoses or may be associated with psychotic features.
Such conditions include, but are not limited to the
psychotic disorders which have been characterized in the
DSM-III-R. Diaagpostic and Statistical Manual of Meptal
Disorders. Revised, 3rd Ed. (1980). The DSM-III-R was
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prepared by the Task Force on Nomenclature and Statistics
of the American Psychiatric Association, and provides clear
descriptions of diagnostic categories. The skilled artisan
will recognize that there are alternative nomenclatures,
nosologies, and classification systems for pathologic
psychological conditions and that these systems evolve with
medical scientific progress.

The usefulness of 2-Methyl-4-(4-methyl-1-
piperazinyl)-10H—thieno(2,3-b][l,S]benzodiazepine for
treating fungal dermatitis can be demonstrated by clinical
trial.

Such effectiveness for the treatment,
amelioration of fungal dermatitis was shown in the
following clinical trial:

The study was a double-blind, randomized,
parallel, placebo and haloperidol-controlled study of 55
human subjects. The study was conducted in 23 study
centers throughout the United States and Canada. Patients
were randomized to one of the five treatment groups:
placebo, 2~Methyl-4-(4-methyl—1—piperazinyl)—10H-
thieno[2.3—b][l,5]benzodiazepine S +/-2.5 mg/day, 2-Methyl-
4-(4-methyl-1-piperazinyl)-10H-thieno[2,3-
b)J(1,5]benzodiazepine 10 +/-2.5 mg/day, 2-Methyl-4-(4-
mechyl-l—piperazinyl)—lOH-thieno[2,3—b][l.S]benzodiazepine
15 +/- 2.5 mg/day, or haloperidol (15 +/- § mg/day). The
acute phase lasted for 6 weeks with evaluations performed
weekly followed by a double-blind extension phase of at
least one year.

Fungal dermatitis occurred statistically
significantly less frequently in the 2-Methyl-4-(4-methyl-
l-piperazinyl)-10H—thieno[2,3-b][l.S]benzodiazepine 15 +/-
2.5 mg/day than in the haloperidol in the double-blind
extension treatment phase.

2-Methyl-4—(4-methyl—l-piperazinyl)-lOH-
thieno[2,3-b](1,5]benzodiazepine is effective over a wide
dosage range, the actual dose administered being dependent
on the condition being treated. For example, in the
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treatment of adult humans, dosages of from about 5 to 20 mg
per day may be used. A once a day dosage is normally
sufficient, although divided doses may be administered.

For treatment of fungal dermatitis in a human., a dose range
of from about 2.5 to 17.5 mg, preferably 5 to 20 mg per day
is suitable. It is particularly preferred to administer
about 15 to about 20 mg/day of 2-Methyl-4-(4-methyl-1-
piperazinyl)-10H-thieno[2,3-b])[1,5]benzodiazepine for the
treatment of fungal dermatitis in a human. Radioclabelled
2-Methyl-4-(4-methyl-l-piperazinyl)-10H-thieno(2,3-

bl [1,5]lbenzodiazepine, can be detected in the saliva and
thus the compound can potentially be monitored in patients
to assess compliance. '

The 2-methyl-4-{4-methyl-l-piperazinyl)-10H~-
thieno(2,3-b][1,5]lbenzodiazepine compound will normally be
administered orally for the treatment of fungal dermatitis,
or may be administered by injection and, for this purpose,
it is usually employed in the form of a pharmaceutical
composition. Other suitable formulations are taught in the
‘382 patent. For the treatment of fungal dermatitis, a
powder or transdermal formulation may be particularly
desired. _ .

As used herein, the term "mammal® shall refer to
the Mammalia class of higher vertebrates. The term
*mammal " includes, but is not limited to, a human. The
term "treating* as used herein includes prophylaxis of the
named condition or amelicratiecn or elimination of the
condition once it has been established.

For the treatment of fungal dermatitis, the
patient may be a non-human mammal. In such instances, the
2-methyl-4-(4-methyl-l-piperazinyl)-10H-thieno[2,3-
bl {1l,5)benzodiazepine compound may be administered as a
feed additive, tablet, or transdermally.

Methods for preparing 2-methyl-4-(4-methyl-1-
piperazinyl)-10H-thieno{2,3-b][1,5]benzodiazepine are
provided by the '382 patent; however, the following
examples may be instructive as well.
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Example 1
Technical Grade 2-methyl-4-(4-methyl-l—piperazinyl)-10H~
thieno[2,3—b][l.S]benzodiazepine

)

N
=
o Q/Q
N ﬂ\@
H

’

H

Intermediate 1

In a suitable three neck flask the following was
added:

Dimethylsulfoxide (analytical): 6 volumes

Intermediate 1 : 75 g

N-Methylpiperazine (reagent) : 6 eguivalents
Intermediate 1 can be prepared using methods known to the
skilled artisan. For example, the preparation of the
Intermediate 1 is taught in the ‘382 patent.

A sub-surface nitrogen sparge line was added to remove the
ammonia formed during the reaction. The reaction was heated
to 120°C and maintained throughout the duration of the
reaction. The reactions were followed by HPLC until < 5% of
the intermediate 1 was left unreacted. After the reaction
was complete, the mixture was allowed to cool slowly to 20°C
(about 2 hours). Each reaction mixture was then transferred
Lo an appropriate three neck round bottom flask and water
bath. To this solution with agitation was added 10 volumes
reagent grade methanol and the reaction was stirred at 20°C
for 30 minutes. Three volumes of water was added slowly over
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about 30 minutes. The reaction slurry was cooled to zero to
5°C and stirred for 30 minutes. The product was filtered and
the wet cake was washed with chilled methanol. The wet cake
was dried in vacuo at 45°C overnight. The product was
identified as technical 2-methyl-4-(4-methyl-l-piperazinyl)-
10K-thieno(2,3-b][1,5]benzodiazepine..

Yield: 76.7%; Potency: 98.1%

The procedure of Example 1 was repeated substantially as
described above and provided a yield of 81% with a potency of
101.1%.

Example 2
Technical Grade 2-methyl-4-(4-methyl-l-piperazinyl)-10H-
thieno(2,3-b] [1l,5)benzodiazepine

Intermediate 1 (supra) was suspended in DMSO (3.2
vol.) and toluene (4.5 vol.). A portion (=0.65 vol.) of the
solvent was removed by distillation at 120-125°C. The
mixture was cooled to 110°C, N-methylpiperazine(NMP, 4.2
equiv.) was added and the mixture heated back to reflux (120-
125°C). Another portion (=1 vol.} of the solvent was removed
by distillation to dry the reaction mixture. A vigorous
reflux was desired to drive the reaction to complétion (about
7 hrs.) by removing ammonia from the reaction. The product
was isolated by the slow addition of water (12.75 vol.) to
the cooled (10°C) reaction solution. The product was
collected by filtration and washed with chilled water (2
vol.). The crude 2-methyl-4-(4-methyl-l-piperazinyl)-10H-
thieno[2,3-b}l[1,5]benzodiazepine was dried in vacuo at 60°C.
The product was recrystallized from hot toluene (5 vol.) to
give a technical grade 2-methyl-4-{(4-methyl-l-piperazinyl)-
10H-thieno(2,3-b] [1,5]benzodiazepine. After drying in vacuo
at 50°C, the technical grade 2-methyl-4-(4-methyl-21-
piperazinyl)-10H-thieno(2,3-b](1,5]benzodiazepine was
recrystallized again from ethyl acetate (10 vol.)/toluene
{0.62 vol.)/methanol (3.1 vol.)to give 2-methyl-4-(4-methyl-
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l-piperazinyl)—lOH-thieno[Z,B-b]{l,S]benzodiazepine as a
methanol solvate. The methanol solvate upon drying at >50°C
was converted to an anhydrous technical grade 2-methyl-4-(4-
methyl-l—piperazinyl)-lOH-thieno[Z,B-b]{1,5]benzodiazepine.

Example 3

Tablet Formulation

A portion of the hydroxypropyl cellulose was
dissolved in purified water to form a solution for
granulation. The remaining hydroxypropyl cellulose (total of
4.0% w/w final tablet weight), which was an extra fine grade,
was combined with the 2-methyl-4-(4-methyl-1-piperazinyl)-
10H-thieno[2,3-b] [1,5]benzodiazepine compound (1.18% w/w),
lactose (79.32% w/w) and a portion of the crospovidone (5%
w/w) in a high shear granulator. all ingredients were
security sieved prior to addition and dry blended in the
granulator. This mixture was then granulated with the
hydroxypropyl cellulose solution in the high shear
granulator. The granulation was wet sized using standard
methods. The wet granulation was then dried in a fluidized
bed dryer and sized. The material was then added to a tumble
bin mixer.

The outside powders consisting of microcrystalline
cellulose (granular) (10% w/w), magnesium stearate (0.5%
w/w), and the remainder of the crospovidone were added to the
sized granulation. The mixture was blended and compressed
with the appropriate tooling on tablet compression equipment.

Subcoating:

Hydroxypropyl methylcellulose (1.5% w/w) was mixed
with purified water to form a solution. Core tablets were
divided into approximately equal sections and spray coated
with the hydroxypropyl methylcellulose solution . The
operation was performed in a perforated coating pan.
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coating of Core Tablets:

Color Mixture White (hydroxypropyl methylcellulose,
polyethylene glycol, polysorbate 80, and titanium dioxide)
was mixed with purified water to form the coating suspension.
Subcoated tablets were divided into approximately equal
sections and spray coated with the coating suspension
described above. The operation was performed in a perforated
coating pan.

The coated tablets were lightly dusted with
carnauba wax and imprinted with appropriate identification.
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We Claim:

1. A method for treating fungal dermatitis
comprising administering an effective amount of 2-Methyl-4-
(4-methyl—l-piperazinyl)-10H—thieno{2,3-b][l,SJbenzodiazepine
or a pharmaceutically acceptable salt thereof to a patient in
need of such treatment.

2. A method of Claim 1 wherein the effective
amount is from about 5 to about 20 mg/day for a human
patient.

3. A method of Claim 2 wherein the effective
amount is from about 15 mg/day to about 20 mg/day.

4. A method of Claim 3 wherein the 2-Methyl-4-(4-
methyl—l-piperazinyl)—lOH—thieno[2.3-b][l.S]benzodiazepine is
administered as a tablet.

5. A method of Claim 3 wherein the effective
amount is administered using a transdermal formulation.

6. A method of Cclaim 1 wherein the patient is a
mammal .

7. A method of Claim 6 wherein the 2-methyl-4-(4-
methyl-l-piperazinyl)-lOH—thieno[2,3-b][l,S]benzodiazepine is
administered as a feed additive.

‘ 8. A method of Claim 6 wherein the patient is a
human.

9. A method of Claim 8 wherein the patient is not
diagnosed with a psychotic condition.

10. A method of Claim 1 wherein the patient
suffers from fungal dermatitis.



10

15

20

25

WO 97/23221 PCT/US96/20048

-11-

11. A method of Claim 10 wherein the fungal
dermatitis is selected from the group consisting of Tinea
corporis, Tinea pedis, Tinea unguium, Tinea capitis, Tinea
cruris, and Tinea barbae.

12. A method of Claim 11 wherein the fungal
dermatitis is selected from the group consisting of Tinea
corporis and Tinea pedis.

13. A method of Claim 8 wherein the patient is
diagnosed with a psychotic condition.

14. 2-Methyl-4-(4-methyl-l-piperazinyl)-10H-
thieno(2,3-b}[1l,5]benzodiazepine or a pharmaceutically
acceptable salt thereof for treating fungal dermatitis.

15. The use of 2-methyl-4-(4-methyl-1-
piperazinyl)-10H-thieno[2,3-b][1,5]benzodiazepine or a
pharmaceutically acceptable salt thereof for the manufacture
of a medicament for the treatment of fungal dermatitis.

16. A pharmaceutical formulation adapted for the
treatment of fungal dermatitis containing 2-methyl-4-(4-
methyl-1l-piperazinyl)-10H-thieno[2,3-b]{1,5)benzodiazepine or
a pharmaceutically acceptable salt thereof.
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